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OBJECTIVES

OCharacteristics of fungi relevant to medicine
Olmmune response against fungal infection
OMechanism of action of antifungal drugs

m Treatment of mycotic diseases

" S
Activities of fungi - special
relevance to medicine

1. Extracellular enzymes/components
2. Polyol production

3. Metabolites

4. Trace elements



" S
Extracellular enzymes/components

m Degrade polymers for cell nutrition

O Carbohydrates: mono- and disaccharides

O Proteins: di- and tri-peptides
Associated with wall and released from cell
Virulence factors

O e.g.; keratinase attack skin protein -> Dermatophytes.
O Collagenases: Zygomycetes (rhinocerebral zygomycosis).

Antigenic
Modify the wall to allow branching: spore release

Interact with defense in macrophages (evasive
mechanisms):

catalase: H,0, = H,0+0O,

- I
Polyol production:

m Nutrient sources

m Free radical scavengers may help
protect against phagocytic killing

m D-mannitol and D-arabinitol are

produced by several fungi.
D-arabinitol D-Mannitol

CH,OH
CH,OH HO —C—H
HO—C—H HO—C—H
H—C—0OH H=C—0H

H—C—0H H—C—CH
CH,OH CH,OH



Diagnostic value:

1.

D-arabinitol (yeast)

Produced during invasion by many Candida species:
C. albicans
C. tropicalis
C. parapsilosis

Cleared by kidneys in same manner as creatinine. Elevated
arabinitol:creatinine ratio associated with invasive disease since
arabinitol is higher than expected level

D-mannitol (filamentous fungi)
Aspergillosis

Cryptococcosis

Metabolites

Many metabolites excreted in varying amounts
depending of the nutrient balance: not
necessarily during human infection.

Many industrial uses

penicillin
cyclosporin A
ethanol
oxalic acid
citric acid



B
Trace elements

Iron (Fe)

m Battle for iron between host transferrin/ lactoferrin
and the fungus.

O Some fungi produce iron chelators that transport
Fe into cells.

m Ringworm species (dermatophytes) unable to
compete — may explain why restricted to dead cell
layers of skin, and hair and nail.

m Histoplasma capsulatum and Penicillium Marneffei->
intracellular pathogens.

O Glutathione-dependent extracellular ferric reductase

m Zyqgomycosis and iron chelator (deferoxamine) to
treat hemochromatosis.

Immune response against
fungal infection



m Ag. variation during development of the

infection.

Aspergillus Candida
Conidia spores (shedding, Yeast, pseudohyphae, hyphae
swelling and new antigens are
expressed Switching of surface antigens

in vivo.

Hyphal filaments

(more antigens

exposed)
Distinct host humoral and cellular responses

« I
Status of the host

m Normal individuals-> Asymptomatic infection
or self-limited.

m Immuno-compromised individuals ]

OAIDS OPPORTUNITICS
ODiabetes — fundl
O Corticoids treatments, etc
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Non-immune factors in host
defenses.

m Skin, mucous membrane, competition for
nutrients, mucocilliary clearance system of
the respiratory tract.

OBurning, surgical wound

Olntravenous catheters

OAnNtibiotics treatment

Olron chelators treatment (Deferoxamine)

= Hemochromatosis: genetic or acquired = > Zygomycosis.

- -ﬂ Host vs pathogen

m “Extreme immune response”
OMediastinal fibrosis -> Histoplasmosis

m Poor immune response

OAIDS => High # Cryptococcosis (“no
inflammatory responses)

m Treatment with antiviral drugs-> life-threatening
immune response inflammatory syndrome.

m Immune-mediated hypersensitivity
reactions.

OAsthma, allergic bronchopulmonary
aspergillosis.




Complement
Evasion

Phagocytosis € Ferinal
(opsonization) F
- CR1, CR3, CR4 = AT
& — ,,"*"'“"‘mmw
-Chemotaxis ' S
(C5a release) Bty

Front Biosci (Elite Ed). 2009 Jun 1;1:1-12

m Pentraxins (PTX3). Pattern recognition
molecules-> impair phagocytosis
(Aspergillosis)

m Anticandidal peptides (B-defensin,
Histatin) -> predisposition of patient with
xerostomia (dry mouth) to oral candidiasis



m Phagocytosis of opsonized or non opzonized
fungi.
m Opsonized: Antibody or complement

m Non opsonized: mannose and (-glucan residues
found in the pathogens are recognized by PMN

m Release of complement components,
chemokine (IL-8)

m Oxidative stress: H,0, and Hypochlorous acid
0O PMN kills hyphal structures

m Microbial activity ; defensins, lactoferrin.

Phagocytosis

m Candida spp (disseminated disease)
m Aspergillus spp (52% neutropenia)

m Zygomycosis (20%)

m Fusarium spp

m [richosporon spp

m Chronic granulomatous disease (CGD); failure
of NADPH oxidase-> susceptible to:
m Catalase (+) bacteria (S. aureus)
m Aspergillus spp
m Candida spp



m Macrophage.
OKills efficiently conidia but not hyphal structures.
OH capsulatum can survive inside macrophages.

Remain controversial

m B-deficiency (animal model)-> no effect on
infection with Candida, H. capsulatum.

m Humoral immunity -> disseminated
candidiasis
O Specific immune response against certain Ags.
O Cryptoccosis in patients with
Hypogammaglobulinemia
m Pathogenesis of allergic responses to inhaled
fungi. IgE and IgG specific to fungal Ags -
>pathogenesis of chronic rhinosinusitis.



Acquired immune system- T cells

O0CD4; cps

O0CD4 T helpers

o Conidia and yeast->TH,. Candida spp, A. fumigatus
(conidia), dimorphic fungi

o Candida spp, Aspergillus -> TH,,

o TH, -> Hyphal forms

ODisease
m C. neoformans, P._jiroveci, and dimorphic infection.
m Candida infection (mucosal infection)-> HIV

Link: CD4 and neutrophil and macrophage

DC (TGF-B, IL-6) (Dectin 1)
¢ Candida (B-glucan)

IL-23

v

TH,,; CD4 T cells (IL-17A and 17B (IL-25))

v

endothelial, epithelial, fibroblast,
keratinocytes

» Recruit neutrophils,
IL-6, IL-8 (CXCLS), » Augment neutrophils and
G-CSF, GM-CSF é 1 Macrophages production in BM
» Increase differentiation of local
monocytes into macrophages.
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Cell membrane
and cell wall

Fungal cell Cell membrane and cell wall
e ig - } Mannaproteins Glycoproteins
1 8 3 3 (Exoenzymes)
_ fB-(1.8)-glucan
-{1.3}-glucan
= " ]- Chitin
e ‘ ‘ _. } PR—
a8 JaLall s 0 of coll membrane
Sraorterst ...‘ B-[1.3)-glucan synthaze
o
m’: DMA/RMA Synthesis
Pathway /
1“ Squalena



Best target is only in fungi not in humans.
m Fungitoxic drugs:

O Cause fungal death
m Fungistatic drugs:

0 Prevent further growth (gives immune system
time to catch up)

"
PRIMARY ANTI-FUNGAL AGENTS

Echinocandins
Whitfield ointment

Trimethoprim —sulfamethoxazole (*).

*Used mainly in infections caused by bacteria,
but also for fungal infection caused by Pneumocystis
Jiroveci (HIV + individuals)

1. 5-fluorocytosine (5-FC)
2. Polyenes

3. Azoles

4. Griseofulvin

5. Allylamines

6.

7.

8.



"
5-fluorocytosine (5-FC)

m Fungicidal (Candida and Cryptococcus)

O Enters via cytosine permease

O Deaminated to 5-fluorouracil (5-FU) (cytosine deaminase absent in human cells)
m Bone marrow suppression and alopecia
m Resistance often seen when not used in combination with other

antifungal drugs (Candida)
O Permease reduction
O Deaminase reduction

Inside fungal cell RNA
5-FC 5-FC —> 5-FU —translation
deaminase \ DNA
synthesis
permease inhibition

"
Polyenes (Fungal sterols)

O Bind to erqgosterol and form ion channels in fungal membrane
O The permeability of the fungal cell wall is altered and the intracellular
contents leak (potassium leak)
m Ergosterol: C28 sterols (Humans cells have C27 sterols i.e.;
cholesterol)

O First fungitoxic drugs (candida)

= Nystatin

o Mucosal infection (topical) and oral to decrease intestinal levels of Candida (not absorbed)

= Amphotericin B deoxycholate: (Broad spectrum; amphotericin B lipid
complex (ABLC), amphotericin B colloidal dispersion (ABCD), and
liposomal amphotericin B (L-amphotericin B)
O intravenously or intraperitoneally (systemic candidiasis)

= fever, chills, and myalgia

= Nephrotoxic: azotemina, decreased glomerular filtration, loss of urinary
concentrating ability, renal loss of sodium and potassium, and renal tubular acidosis
(reduced nephrotoxicity if given as lipid complex or in liposomes

O Resistance is uncommon but when present usually is associated with
reduced sterol in the cell membranes



|
-
Fungal sterols
Ergosterol: C28 sterols %%Eéggﬁém |
(Humans cells have C27 %@%@%Eig nﬁg Nystatin

sterols i.e.; cholesterol)

Target for polyene
antifungals (nystatin,
amphotericin B) %)@ %ﬁﬁ

e e

amphotericin B

" J

Effect Mechanism Antifungals Suggested clinical
Involved management

Increased accumulation of Decrease in Amphotericin B Consult package insert. Most

renally-cleared drugs and/or glomerular drug dosages can be adjusted

drug vehicles filtration based on estimates of

Flucytosine, Fluconazole, Beta- glomerular filtration (i.e.

lactams and many others... creatinine clearance). Use of a

lipid amphotericin B
formulation may help stabilize
or slow declines in renal

function.
Enhanced nephrotoxicity Enhanced Amphotericin B Minimize co-administration of
Aminoglycosides glomerular and nephrotoxic agents whenever
Cyclosporine tubular toxicity in possible. Consider first-line
Intravenous Contrast Dye the kidney use of lipid amphotericin B
Foscarnet and others... formulation (L-amphotericin

B).
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AMPHOTERICIN B
Disadvantages

m [ntravenous administration
m Thrombophlebitis

m Nephrotoxic (Blood Urea Nitrogen (BUN),
Creatinine)

m Fever

m Chills

m Anemia

m Long term administration

"
Ergosterol synthesis
Polyenes Acetyl CoA

(Nystatin and amphotericin B)

Squalene

Squalene epoxide

Lanosterol

Ergosterol



AZOIQS (Candida spp, Cryptococcus neoformans)

m Inhibit lanosterol demethylase
O Inhibit Ergosterol synthesis

m  Fungistatic (Wide and Broad; Dermatophytes, Systemic fungi,
Candidiosis)
O Miconazole, Ketoconazole, Fluconazole, Itraconazole*, Voriconazole*,
Posaconazole* ((*) Aspergillus, blastomycosis and histoplasmosis)
= Oral absorption and solubility is optimal at acidic gastric pH (Ketoconazole)

= Azoles, specially Ketoconazole, may have antiandrogenic effect, adrenal
supression and liver dysfunction.

m Teratogenic drugs (avoid pregnant women).
m Azole resistance in Candida albicans
O Several different types of resistance
= Mutation in lanosterol demethylase
= Upregulation of pumps exporting drug
o ABC transporter
o MDR (multiple drug resistance) type

o In 1996, 10% cases of oral candidiasis in San Francisco were untreatable with
fluconazole.

o Mutations in C. albicans over 2 years: AIDS. fluconazole resistance

m Different yeast species that are inherently resistant to azoles are
appearing as important pathogens

Azoles Acetyl CoA

l

Squalene

Squalene epoxide

v

Lanosterol
Lanostero L

Inhibit lanosterol

demethylase
AzOLes El l E t |
rgostero
ErgosterOL g



Consideration of therapy

Effect Mechanism Antifungals Suggested clinical
Involved management

Decreased serum Decreased Ketoconazole, | Use solution formulation of

concentration of azole dissolution/absorp | itraconazole itraconazole or other azole

Antacids H, Receptor tion of solid (capsules), if indicated (i.e.

antagonism dosage form voriconazole)

Proton Pump Inhibitors

Sulcrafate Avoid taking antacids

Didanosine (oral) within 2 hours of oral azole

therapy

Increased metabolism of Induction of Ketoconazole, | Avoid concomitant use of

azole mammalian itraconazole, these agents if possible.

Isoniazid, Rifampin, cytochrome-P450 | fluconazole, May require switch to

Phenytoin mediated voriconazole, amphotericin B

Carbamazepine metabolism of posaconazole formulation or

Phenobarbital azole echinocandin

Ritonavir (voriconazole)

- I

Effect Mechanism Antifungals Suggested clinical
Involved management

Increased serum concentration | Inhibition of Ketoconazole, Avoid concomitant use if

of co-administered drug or cytochrome P450, | itraconazole, possible. Severity of possible

metabolite P-gp, or both voriconazole > interaction is drug-dependent.

Oral hypoglycemics, S-warfarin
R-Wafarin Cyclosporin,
Tacrolimus

Phenytoin, Protease inhibitors
(saquinavir, ritonavir)

Busulfan DiltiazemLovastatin
Isoniazid, Rifampin, Rifabutin,
Quinidine , etc.

fluconazole (usual
doses)

Consult prescribing
information of each drug to
address interaction severity
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Allylamines

m Fungistatic/toxic
O Terbinafine = Lamisil®, naftidine
O Inhibit squalene epoxidase

m Accumulate in stratum corneum. High
activity for ringworm infections

Acetyl CoA
Allylamines 1
\ Squalene
squalene
AIIyIamines egoxidase l

Squale ne epoxide

l

SqualeN@ Lanosterol

Allylami n es | l l

squale 1€ epoxide Ergosterol




Echinocandins

m Caspofungin, micafungin
m Inhibit B(1-3) glucan synthetase involved in
forming carbohydrate polymers in hyphal walls.

m Approved for invasive aspergqillosis and
invasive and serious mucosal candidiasis

m Resistance when occurs has been linked to
mutations in B-glucan synthase
O Metabolism is cytochrome P450-independent

I
Griseofulvin

m Accumulates in stratum corneum
m Oral administration

m First effective oral therapy for dermatophytes
(only fungi responding)

O A slow acting drug used for skin and nail infections. It
accumulates in the stratum corneum and prevent
hyphal penetration through these layers

m Interferes with microtubules and spindle
formation during mitosis

m Disadvantages: Photosensitivity, mental
confusion, bone morrow suppression, and
induces P-450
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Whitfield ointment

= May be caustic and impossible to use as
systemic therapy

o E.g. Salicylic acid, benzoic acid (weak acids, not
ionized at lower pH)

I-II;IA acidification

Cell wall

II-I‘A ? H+A-

Trimethoprim - sulfamethoxazole

m Interfering with the action of bacterial dihydrofolate reductase.
O Inhibit synthesis of tetrahydrofolic.

O Affect precursor of the intermediate Thymidine monophosphate (dTMP)
-> precursor of DNA metabolite (TTP).

m Use of trimethoprim is contraindicated during pregnancy

m Pneumocystis éPneumocystis jiroveci) (AIDS). Also as
prophylactic drug.

dihydropteroate diphosphate + p-aminobenzoic acid (PABA)

dih ydropteroate T_‘_

synthetase

dihydroptercic acid

!
dihydrofolic acid

dihydrofolate .}q-

reductase

tetrahydrofolic acid



" Summa
I'y Acetyl CoA

l

Squalene

Allylamines » squalene l

(Terbinafine) epoxidase

Squalene epoxide

l

Lanosterol
Azoles » Inhibit lanosterol
demethylase l
Polyenes
(Nystatin and amphotericin B) > E rg Oste rol

S Summary

5-fluorocytosine Inhibit RNA translation and DNA
synthesis
Griseofulvin Interferes with microtubules and

spindle formation during mitosis

Echinocandins Inhibit B(1-3) glucan synthetase; inhibit
(Caspofungin, carbohydrate polymers in hyphal walls.
micafungin)
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